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j  SUMMARY 

! 

This  is  a  four-part  final  report  on  the  research  supported  by  the  Air  Force  Office  of 
Scientific  Research  Center  under  Grant  F49620-99-1-0037,  entitled  Real  Time  Predic¬ 
tive  Flutter  Analysis  and  Continuous  Parameter  Identification  of  Accelerating 
Aircraft.  I 

i 

I 

j 

1.  Motivations  and  research  objectives 

I 

Flutter  clearance,  which  is  part  of  any  new  aircraft  or  fighter  weapon  system  de¬ 
velopment,  is  a  lengthy  and  tedious  process  from  both  computational  and  flight  testing 
viewpoints.  An  automated  approach  to  flutter  clerance  that  increases  flight  safety  and 
reduces  flight  hours  requires  as  a  stepping  stone  the  development  of  a  real  time  flutter  pre¬ 
diction  capability.  Such  a  fast  smalysis  tool  can  be  designed  if  the  coupled  fluid/structure 
aeroelastic  systeni  is  represented  by  a  simplified  mathematical  model  that  can  be  quickly 
adapted  to  changes  in  flight  atmospheric  conditions,  aircraft  mass  distribution  (weapon 
systems),  fuel  loading,  and  Mach  number,  and  if  the  current  parallel  processing  technology 
is  exploited. 

Furthermore,  flight  testing  is  always  required  to  establish  the  flutter  envelope  of  an 
aircraft.  The  traditional  method  for  determining  such  an  envelop  uses  test  data  extracted 
from  the  vibration  response  of  the  aircraft  at  fixed  flight  conditions.  The  aircraft  is  first 
trimmed  to  a  specific  flight  condition  (Mach  number  and  dynamic  pressure),  then  its 
aeroelastic  response  is  deliberately  excited  by  applying  an  input  to  a  flight  control  surface. 
The  frequency  and  damping  of  the  excited  aeroelastic  response  are  typically  extracted  from 
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oae  vibration  data,  repeating  this  test  at  many  flight '^*ditions,  the  flutter  envelope 
an  be  determined.  Such  a  traditional  approach  requires  that  the  aeroelastic  response 
be  measured  at  many  different  flight  conditions.  This  often  requires  a  large  number  of 
flight  test  hours,  a  process  which  not  only  costs  money  but  also  exposes  test  pilots  to 
proportionately  increased  risk.  However,  this  test  procedure  can  be  expedited  if  data 
collected  from  continuously  varying  flight  conditions  can  be  used  to  extract. the  needed 
flutter  damping  and  frequency  values  from  an  accelerating  flight  profile.  In  that  case,  it 
may  be  possible  to  greatly  reduce  the  number  of  flight  hours  required  for  establishing  the 
flutter  envelope. 

The  Air  Force  Flight  Test  Center  at  the  Edwards  Air  Force  Base  (AFB)  has  expressed 
great  interest  in  the  above  two  problems,  and  therefore  we  have  proposed  to  conduct 
a  three-year  research  effort  in  real  time  flutter  analysis,  and  the  continuous  parameter 
identification  of  an  accelerating  aircraft.  More  specifically,  we  have  proposed  to  develop  a 
simplified  flutter  analysis  method  that  can  be  run  real  time  to  provide  predictive  frequency 
and  damping -values  for  maneuvers  as  flown.  The  enabling  technology  of  such  a  real  time 
flutter  analysis  capability  is  a  formulation  of  the  aeroelastic  problem  that  allows,  among 
other  things,  partial  pre-solutions  and  the  usage  of  parallel  processing.  We  have  reported 
on  this  research  activity  during  the  first  year  of  support. 

We  have  also  proposed  to  develop  a  parameter  identification  technique  that  can  be  used 
to  extract  frequency  and  damping  values  of  an  aircraft  that  is  continuously  accelerating. 
This  technique  should  reduce  both  the  cost  and  risk  involved  in  determining  the  flutter 
envelopes  of  fighters.  Here,  we  report  on  this  effort  which  hais  been  conducted  during  the 
leist  two  years  in  collaboration  with  the  researchers  and  engineers  of  the  Air  Force  Flight 
Test  Center  at  the  Edwards  AFB. 


2.  Major  accomplishments  during  the  last  two  years  of  support 

We  have  determined  that  two  fundamental  issues  must  be  addressed  before  a  method 
for  the  continuous  pareimetric  identification  of  an  accelerating  aircraft  can  be  developed. 
The  first  issue  deals  with  how  the  aeroelastic  properties  of  an  aircraft  can  be  affected  by 
a  constant  acceleration  in  a  level  flight  or  during  maneuvering.  In  particular,  is  it  possible 
to  relate  in  a  simple  way  the  aeroelastic  parameters  measured  in  an  accelerated  flight  to 
those  measured  in  stabilized  flight  conditions?  The  second  issue  is  related  to  the  fact  that 
most  if  not  all  identification  methods  used  in  practice  implicitly  assume  that  the  given 
aeroelastic  system  is  linear  and  non- varying  in  time.  Whether  these  methods  can  still 
be  used  to  analyze  accelerated  flight  data,  or  whether  new  methods  are  required  for  this 
purpose  was  an  open  question. 

During  the  last  two  years  of  funding,  we  have  addressed  important  aspects  of  the 
above  two  issues  by  performing  appropriate  analytical  studies  and  CFD  based  numerical 
simulations.  More  specifically,  we  have  first  considered  a  typical  NACA  0012  wing  sec¬ 
tion,  and  investigated  the  effects  of  horizontal  and  vertical  accelerations  on  the  aeroelastic 
response  of  this  system.  We  have  shown  analytically  that  accelerating  the  wing  section 
introduces  additional  inertia  forces  and  modifies  the  torsional  stiffness  of  the  aeroelastic 


2 


>11/30/2001.15:22  FAX  3034926421 


OCG  Main  Office 


@006 


system  by  a  negligik^uantity.  Next,  we  have  developed^rocedure  for  extractmg  the 
frequencies  and  damping  coefficients  of  an  aeroelastic  system  from  time  history  data  of  an 
accelerated  flight  profile.  This  procedure  is  based  on  a  modification  of  the  ERA  algorithm, 
and  its  interaction  with  a  windowing  concept  where  the  Mach  number  is  assumed  to  be 
constant  in  each  window.  In  order  to  validate  this  new  procedure,  we  have  upgraded  our 
computational  aeroelasticity  capability  to  handle  accelerated  flight,  which  was  by  itself 
an  interesting  and  rewarding  research.  We  have  simulated  both  cases  of  stabilized  flight 
conditions  and  accelerated  flight.  We  have  compared  the  generated  results  and  formulated 
conclusions  regarding  the  theoretical  and  practical  feasibilities  of  extracting  the  flutter 
envelope  of  an  aircraft  from  an  accelerated  flight  data,  These  conclusions  essentially  high¬ 
lighted  the  significant  potential  of  this  new  concept  of  flight  testing.  Motivated  by  our 
success  for  the  NAGA0012  airfoil,  we  have  repeated  our  simulations  of  the  continuous  pa¬ 
rameter  identification  of  an  accelerating  aeroelastic  system  for  a  typical  F-16  wing  section. 
We  have  designed  this  wing  section  from  geometrical  and  structural  data  obtained  from 
the  Edwards  Air  Force  Base.  We  have  simulated  the  continuous  parameter  identification 
for  the  F-16  Block  40  typical  wing  section  in  accelerated  flights  with  up  to  0.05  Mach 
per  second  and  for  flight  regimes  extending  from  subsonic  to  supersonic.  We  have  shown 
that  the  aeroelastic  parameters  identified  in  accelerated  level  flight  at  a  given  altitude  are 
almost  identical  to  those  obtained  in  stabilized  flight  conditions,  which  justifies  the  pro¬ 
posed  new  concept  of  flight  testing.  However,  we  could  not  match  perfectly  the  results  of 
the  numerical  simulations  using  the  typical  wing  section  with  those  of  the  actual  test  of 
the  F-16  Block  40,  particularly  for  damping.  This  was  because  the  available  test  d.ata  is 
for  a  loaded  wing,  whereas  our  typical  wing  model  was  derived  from  a  clean  wing  model, 
and  because  the  typical  wing  section  approach  is  valid  only  for  uniform,  straight  and  high 
aspect  ratio  wings.  All  these  developments  and  finding  are  described  in  the  attached  paper 
“Expanding  a  Flutter  Envelope  Using  Accelerated  Flight  Data:  Application  to  an  F-16 
Fighter  Configuration”. 

Next,  we  have  designed  a  three-dimensional  F-16  Block  40  aeroelastic  model  using 
two  incomplete  finite  element  structural  models  acquired  from  Lockheed-Martin;  (1)  a 
static  model  which  does  not  contain  the  mass  distribution,  and  (2)  a  linear  “fish-stick” 
dynamic  model  which  contains  the  needed  mass  information  but  which  is  not  adequate  for 
stress  analysis.  Using  this  model,  we  have  obtained  numerical  results  for  the  F-16  Block 
40  that  agreed  amazingly  well  the  flight  test  data.  This  latest  development  is  described 
in  details  in  the  attached  paper  ‘“Application  of  a  Three-Field  Nonlinear  Fluid-Structure 
Formulation  to  the  Prediction  of  the  Aeroelastic  Parameters  of  an  F-16  Fighter” . 

3.  Impact  on  the  state-of-the-sirt  of  flight  testing 

Motivated  by  the  results  we  have  generated  under  this  Grant,  the  Air  Force  Test 
Pilot  School  performed  on  May  15-16,  2000,  two  suites  of  accelerated  flight  tests  designed 
by  the  Principal  Investigator  and  his  collaborators  at  Edwards.  The  first  series  of  tests 
was  for  a  clean  (no  stores)  F-16  configuration,  and  the  second  for  an  F-16  configuration 
known  to  cause  Limit  Cycle  Oscillations  (LCO).  In  both  cases,  the  flight  test  team  was 
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able  to  accomplish  ;  set  objectives  using  2.5  times  U,  sorties  than  when  using  the 

classical  stabilized  fligiit  testing  approach,  which  demonstrate  the  potential  impact  of  our 

accomplishments  on  the  flight  testing  technology. 
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